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(57) The invention provides a catalyst composition 
suitable for hydrogenation of polymers containing eth- 
ylenical unsaturation, which comprise at least: (a) a ti- 
tanium compound of the formula, 
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wherein and Ag are the same or different and 
each represents a substituted or unsubstituted cy- 
clopentadienyl or indenyl group, 
wherein and Xg are the same or different and 
each represents hydrogen, halogen, a lower alkyi 
or lower alkoxy. optionally substituted phenyl or 
phenoxy, or aralkyi having from 7 to 10 carbon at- 
■ oms or phenylalkoxy having from 7 to 10 carbon at- 
oms, carboxyl. carbonyl, a -CH2P(Phenyl)2, -CH2 
Si(lower alkyl)3 or -P(phenyl)2 group; (b) an alkali- 
metal hydride, added as such or prepared in situ in 



the polymer solution from the alkalimetal terminated 
living polymer and/or from additionally added alka- 
limetal alkyI and hydrogen, the molar ratio of the al- 
kalimetal: titanium in the polymer solution during hy- 
drogenation being at least 2:1; and (c) a borium 
compound 

B(R^)(R2)(R3) 

wherein the symbols R^. R2 and R3 may be the 
same or different and each may represent hydro- 
gen, halogen, lower alkyI or lower alkoxy, or phenyl 
optionally substituted by up to five substituents se- 
lected from halogen and lower alkyI, or benzyl hav- 
ing an optionally substituted phenyl ring as speci- 
fied hereinbefore or wherein two of the symbols R 
may form together a monocyclic or bicyclic system 
which on its own may carry one or more substitu- 
ents; and process for hydrogenation of polymers 
containing ehylenic unsaturation using these cata- 
lyst compositions. 
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Description 

The present invention relates to a process for the hydrogenation of conjugated diene polymers and catalyst com- 
^ positions suitable for use therein. 

5 More in particular the invention relates to a process for the hydrogenation of polymers and copolymers of conju- 

gated diene polymers, using a hydrogenation catalyst composition comprising at least a titanium compound and an 
alkali metal compound. 

Numerous catalysts are known for the hydrogenation of compounds containing unsaturated double bonds, cata- 
lysts which may be classified into two groups: 

70 

(1) Heterogeneous catalysts, generally consisting of a metal such as Ni, Pd, Pt, Ru, etc. optionally deposited on 
a support such as carbon, silica, alumina, calcium carbonate, etc.; and 

(2) homogeneous catalysts such as (a) Ziegler catalysts consisting of a combination of an organic salt of Ni, Co, 
Fe. Cr, etc. and a reducing agent such as for instance organoaluminium compounds, and (b) single component 

^5 organometallic compounds of Ru, Rh, Ti, La, etc. 

Heterogeneous catalysts are widely used in industry, but compared with the homogeneous catalyst they are less 
active and hence, in order to carry out the desired hydrogenation with these heterogeneous catalysts, large quantities 
/ of catalyst are needed and the reaction must be carried out at relatively high pressures and temperatures. The homo- 

20 geneous catalysts are generally more active; a small amount of catalyst is sufficient, and the hydrogenation reaction 
can be carried out under milder pressure and temperature conditions. 

Polymers of conjugated dienes such as 1 ,3-butadiene and isoprene and the copolymers of these dienes with 
vinylaromatic monomers, e.g. with styrene. are widely used in industry as elastomers. These polymers contain double 
bonds in their chain, which permit their vulcanization, but whose presence causes a low resistance to ageing and 

25 oxidation. Some block copolymers of conjugated dienes and vinylaromatic hydrocarbons are used without vulcanization 
as thermoplastic elastomers, as transparent impact-resistant resins, or as modifiers or compatibilisers of polystyrene 
and polyolefin resins. However, these copolymers have a low resistance to ageing and oxidation by atmospheric oxygen 
and by ozone, due to the presence of double bonds in their chain. Hence, the use of these copolymers in applications 
requiring exposure to the external environment is limited. The resistance to oxidation by oxygen and ozone, and, in 

30 general, the resistance to ageing, may be considerably improved by hydrogenating these polymers to obtain total or 
partial saturatbn of the double bonds. Numerous processes have been proposed for the hydrogenation of polymers 
which contain olefinic double bonds. Two types of processes are generally involved: those which use the aforemen- 
tioned supported heterogeneous catalysts, and those using homogeneous catalysts of the Ziegler type or organome- 
tallic compounds of rhodium and titanium. 

55 in the processes using supported heterogeneous catalysts, the polymer to be hydrogenated is first dissolved in a 

suitable solvent and then contacted with hydrogen In the presence of the heterogeneous catalyst. The contact of the 
reactants with the catalyst is difficult due to the relatively high viscosity of the polymer solution, to steric hindrances of 
the polymer chain, and to the high adsorption of the polymer which, once hydrogenated, tends to remain on the surface 
of the catalyst, interfering with the access to the active centres of the nonhydrogenated polymer. Hence, to achieve 

40 complete hydrogenation o1 the double bonds, large quantities of catalyst and severe reaction conditions are required. 
Usually this causes decomposition and gelification of the polymer Furthermore, in the hydrogenation of copolymers 
of conjugated dienes with vinylaromatic hydrocarbons the aromatic nuclei are also hydrogenated, and it is difficult to 
effect a selective hydrogenation of the double bonds of the polydiene units. Likewise, the physical separation of the 
catalyst from the solution of hydrogenated polymer is extremely difficult, and in some cases a complete eliminatbn is 

45 impossible due to the strong adsorption of the polymer on the heterogeneous catalyst. 

In processes using Ziegler-type catalytic systems (as mentioned hereinbefore), the reaction takes place substan- 
tially in a homogeneous medium, and hence the hydrogenation of copolymers may be carried out under mild pressure 
and temperature conditions. Moreover, by adequately selecting the conditions of hydrogenation it is possible to selec- 
tively hydrogenate the double bonds of the poly{conjugated diene) blocks and without hydrogenating the aromatic rings 

50 of the poly (vinylaromatic hydrocarbon) blocks. 

Nevertheless the elimination of the catalyst residues from the reaction product - which is absolutely necessary 
because these residues have an unfavourable effect on the stability of the hydrogenated polymers - is a complicated 
and costly step. 

Other processes using other homogeneous catalysts, e.g. the rhodium compounds described in U.S. Patent No. 
55 3,898,208 and in the Japanese patent JP 01 .289.805 have the disadvantage of the high cost of the rhodium catalysts. 

It is known that hydrogenation catalysts in which one of the components is a derivative of cyclopentadienyltitanium 
(U.S. Patent No. 4,501 ,857) are used - necessarily in the presence of organolithium compounds - for the hydrogenation 
of the olefinic double bonds of the polymers of conjugated dienes. 
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European Patent application 0460725 describes the use of a sinnilar catalyst system for the hydrogenation of 
polymers that had been synthesised by means of an organollthium compound and which have been terminated by the 
addition of hydrogen, the presence of the lithium hydride formed in the final reaction being necessary in this case to 
*' generate an active catalyst. The examples of both publications use the compound Cp2TiCl2. 

5 In the European patent application nos. 0549063 A and 0532099 A further improvements of this conception were 

described, using an alkali metal hydride to titanium molar ratio in the terminated polymer solution of at least 6:1 and 
using an alkyi benzoate as additional promoter during the hydrogenation. 

The examples of these beforementioned publications actually used the compound Cp2riCl2 only, which appeared 
to be very sparingly soluble in industrially applied solvents. 
10 In British Patent Application No. 2,1 59,81 9 A it is indicated that species of the Cp2TiR2 type (R = alkylaryl groups) 

are catalysts capable of selectively hydrogenating the double bonds of polymers and copolymers of conjugated dienes. 
without requiring the presence of an organolithium compound. 

European Patent Application No. 0434469 A2 describes the use of an extraordinarily complex catalytic system, 
comprising a bis-cyclopentadienyl-titanium compound in combination with an organometallic compound of aluminium- 
15 or magnesium and alkaline metals in the presence of alkoxides of alkaline metals and polar compounds of the ether, 
ketone, sulfoxide, etc. type. Said catalytic system is capable of hydrogenating the double bonds of polymers and co- 
polymers of conjugated dienes. 

An alleged further improvement of the laner conception has been described in European Patent application no. 
/■* 0544304 A, using a catalyst composition comprising 

20 

(a) a bis(cycbpentadienyl) transition metal compound and in particular bis(cyclopentadienyl) titanium dichloride 
or bis(cylcopentadienyl) titanium dibenzyl, 

(b) at least one polar compound selected from the group consisting of carbonyl group-containing compounds and 
epoxy group containing compounds, and in particular esters of a monobasic acid or dibasic acid, lactone com- 

25 pounds, lactam compounds and epoxy compounds such as glycidyl methyl ether, giycidyl n-butyl ethers, glycidyl 

allyl ether, glycidyl methacrylate, glycidyl acrylate; 1,2-butylene oxide, cyclohexene oxide, and 

(c) an organic lithium compound and in particular n-butyllithium, sec-butyllithium, t-butyllithium, phenyllithium, n- 
hexyllithium, p-tolyllithium. xylyllithium, 1,4-dilithiobutane, alkylenedilithium and living polymers having lithium at 
their terminals, and preferably in addition 

30 (d) a reducing organometal compound selected from the group consisting of aluminium compounds, zinc com- 

pounds and magnesium compounds, such as triethyl aluminium, tri-i-butylaluminium, diethyl aluminium chloride, 
ethyl aluminium, diethyl aluminium chloride, ethyl aluminium dichloride. aluminium, tri-i-propoxide and aluminium 
tri-t-butoxide. The molar ratb between the components (a) and (b) has been indicated to be smaller than 1/0.5 
and more preferably in the range of from 1 /2 to 1 /30; the molar ratio between the components (a) and (c) has been 

35 indicated to be in the range of from 1/1 to 1/40 and most preferably in the range of from 1/3 to 1/30. 

Further alleged improvements, emanating from this conception of the use of titanium compounds as hydrogenation 
catalyst ingredients, have been described in the European Patent Applications nos. 0545844 A and 0601 953 A, wherein 
the cyclopentadienyl ligands have been fully methylated or have been linked together by a dimethylsilylene group and 
40 wherein the other ligands R represent an alkoxide group, containing from 1 to 20 carbon atoms, or a halogen atom or 
CH2PPh2, PPhg or CH2SiMe3 or PhOR ligands. 

However, said processes did not provide any significant advantage over the earlier discussed prior art. 

To obtain more economical hydrogenation processes, present-day industry feels the need of having homogeneous 
catalysts available which are more effective than those currently known, which are stable, and active in concentrations 
<5 that are sufficiently low so as to be able to avoid the costly step of elimination ot catalyst residues from the hydrogenated 
polymer. 

Therefore it will be appreciated that one object of the present invention is formed by a catalyst composition to be 
used for said process. Another object of the present invention is formed by an improved hydrogenation process using 
defined catalyst hereinbefore. 

so As a result of extensive research and experimentation there has been surprisingly found such a catalyst and 

process aimed at. 

Accordingly the present invention relates to a catalyst composition for hydrogenation of polymers containing eth- 
ylenical unsaturation, which comprises at least: 

55 (a) a titanium compound of the formula 
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Wherein A, and A2 are the same or different and each represents a substituted or unsubstrtuted cyclopen- 
tadienyl or indenyl group. 

wherein and X2 are the same or different and each represents hydrogen, halogen and preferably chlorine, 
a lower alkyi or lower alkoxy, optionally substituted phenyl or phenoxy. or aralkyi having from 7 to 10 carbon atoms 
and preferably benzyl, or phenylalkoxy group having from 7 to 10 carbon atoms, carboxyl, carbonyl. a -CHoP 
(Phenyl)2. -CHg Si(lower alkyOg or -P(phenyl)2 group; 

(b) an alkali metal hydride, added as such or prepared in situ in the polymer solution from the alkali metal terminated 
living polymer and/or from additionally added alkali metal alkyI and hydrogen, the molar ratio of the alkali metal: 
titanium being at least 2:1; and 

(c) a borlum compound 

B(R,) (R2) (R3) 



wherein the symbols Ri, R2 and R3 may be the same or different and each may represent hydrogen, halogen, lower 
alkyI or lower alkoxy, or phenyl optionally substituted by up to five substituents selected from halogen and lower alkyI, 
or benzyl having an optionally substituted phenyl ring as specified hereinbefore or wherein two of the symbols R may 
form together a monocyclic or bicyclic system which on its own may carry one or more substituents. 
Examples of such optionally substituted cyclic systems are optionally substituted cycloboranes. 
With the term "lower alkyl" or "lower alkoxy" as used throughout this specification, is meant that these groups 
contain from 1 to 4 carbon atoms. 

Preferred substituents of possible phenyl groups represented by R^, and Rg. are fluoro, chlorine or methyl. 
A-, and A2 may represent unsubstituted cyclopentadienyl or indenyl groups or substituted cyclopentadienyl or In- 
denyl groups The groups A^ and Ag are optionally substituted by halogen, phenyl which optionally may bear one or 
more of the same or different substituents. and/or lower alkyl. alkoxy. phenoxy. phenylalkoxy. benzyl and/or a bulky 
substituent containing one or more hetero atoms such as tri (lower alkyl)sily!. -NPh2, --NHPh, -BPhg and '-B(OPh)2 
When one or more, and preferably one or two, of the substituents represent phenyl, this may optionally be substi- 
tuted by one or more substituents selected from lower alkyl, halogen, preferably fluoro or chloro. and lower alkoxy. 
Examples thereof are para-tert butylphenyl, pentafluorophenyl. dichlorophenyl, 3.5 di{t-butyl)-4-methoxy phenyl 
35 and trifluorophenyl. 

and X2 are preferably selected from halogen and in particular chlorine, methyl, methoxy ethyl, ethoxy, ispropoxy, 
isopropyl, tert butyl, tert butoxy. phenyl, phenoxy and benzyl. Most preferably X^ and Xg are both chlorine. 

The most preferred titanium compounds are bis (cyclopentadienyl) titanium dichloride, bis{1 -indenyl) titanium 
dichloride. bis(1 -indenyl) titanium diphenoxide. bis (cyclopentadienyl) titanium diphenoxide or bis (cyclopentadienyl) 
40 titanium dimethoxide, bis(indenyl) titanium dimethoxide or their derivatives which are substituted on their indenyl or 
cyclopentadienyl rings by one or more and preferably one or two methyl groups, methoxy groups, para-tert butyl phenyl 
groups, penta fluorophenyl groups, trifluoro phenyl groups, dichloro phenyl groups or 3-5-(t-butyl)-4-methoxyphenyl 
groups. 

It will be appreciated that another aspect of the present invention is formed by a process for the hydrogenation of 
polymers containing ethylenical unsaturation (double C-C bonds) by bringing a polymer solution in intensive contact 
with hydrogen in the presence ot at least the catalyst components (a), (b) and (c). 

Lithium hydride is preferably used as alkali metal hydride. The polymerisation initiator to be used for the starting 
living polymer of at least one conjugated diene and the optional additional amounts of alkali metal compound to form 
additional alkali metal hydride are preferably organolithium compounds. 

They are preferably selected from methyllithium, ethyllithium, p-tolyl lithium, xylylithium, 1 ,4-dilithiobutane. 
alkylene dilithium or a reaction product of butyl lithium and divinyl benzene. 

Particularly preferred are n-butyl lithium, sec-butyl lithium, tert-butyl lithium and phenyllithium. Most preferred are 
tert-butyllithium, sec-butyllithium or n-butyllithium. 

The molar ratio of lithium hydride to titanium is preferably at least 6 and more preferably in the range of from 6 to 25. 
Suitably the molar ratio of the borium:titanium during hydrogenation is at least 1/10. 

More in particular the boriumititanium molar ratio during hydrogenation is in the range of from 1/10 to 10 and 
preferably in the range of from 1/2 to 2 and most preferably in the range of from 0.9 to 1.1 . 

The titanium compound is used in amounts in the range of from 5 to 100 mg per kg of conjugated diene polymer 
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to be hydrogenated and preferably in amounts in the range of from 20 to 60 mg/kg of conjugated diene polymer to be 
hydrogenated. 

Polymers with a high degree of hydrogenation can be obtained according to the process of the present invention, 
wherein the catalyst system has been surprisingly found to show a significantly higher activity, resulting in a higher 
s hydrogenation rate of the starting polymer, as compared with prior art homogeneous Ti catalyst hydrogenation proc- 
esses. Moreover this catalyst can be dosed more accurately and shows an excellent reproductivity 

As the catalyst system in the present process can be applied in a significantly lower concentration, its concentration 
in the final hydrogenated product Is much lower. The hydrogenation process can be performed at partial hydrogen 
pressures in the range of from 1 to 50 bar and preferably in the range of from 1 to 35 bar 
10 According to a more preferred embodiment of the hydrogenation process of the present Invention one or more 

promoters (d) may be present in addition to the belorementioned catalyst components (a), (b) and (c). 

Said promoters (d) can be selected from polar ketone compounds, hydroxy group containing ketone compounds, 
aldehyde compounds, ester compounds, lactone compounds, lactam compounds and epoxy compounds. 

Of the beforementioned promoters especially preferred are ketone compounds, hydroxy group-containing ketone 
IS compounds, aldehyde compounds, ester compounds and epoxy compounds. 

Specific examples of preferred ketone compounds include acetone, diethyl ketone, di-n-propyl ketone, di-i-propyl 
ketone, di-sec-butyl ketone, di-t-butyl ketone, methyl ethyl ketone, i-propyl methyl ketone, i-butyl methyl ketone, 2-pen- 
tanone, 3*hexanone, 3-decanone, diacetyl, acetophenone, 4'-methoxy acetophenone, 4'-methyl acetophenone, pro- 
/■ piophenone, benzophenone, 4-methoxy benzophenone, 4,4'-dimethoxy benzophenone, benzyl phenyl ketone, benzil 

^0 acetone, benzoyl acetone, cyclopentanone, cyclohexanone. 4-methyl cyclohexanone, 1 .2-cyclohexane dione. cyclo- 
pheptanone, and acetyl acetone. 

Hydroxy group-containing ketone compounds are defined as compounds having both a hydroxy group and a ketone 
carbonyl group in the molecule. Specific examples of preferably compounds are hydroxyacetone, acetoin, 4-hydroxy- 
2-butanone, 3-hydroxy-3-methyl-2-butanone. 5-hydroxy-2-butanone, diacetone alcohol, 4-{p-hydroxyphenyl)-2-bu- 
tanone, 2-hydroxyacetophenone. 2'-hydroxyacetophenone, 3'-hydroxyacetophenone, 4*-hydroxyacetophenone, 4'-hy- 
droxy-3'-methoxyacetophenone, 2-hydroxyphenyl ethyl ketone, 4'-hydroxypropiophenone, 2',4'-dihydroxyacetophe- 
none, 2,',5'-dihydroxyacetophenone, 2', 6' -dihydroxy acetophenone, 3\5*-dihydroxyacetophenone. 2',3'.4'trihydroxyac- 
etophenone, 2-hydroxybenzophenone, 4-hydroxybenzophenone, 2 -hydroxy-4-methoxy benzophenone, 2-hydroxy- 
4-n-octyloxybenzophenone, 2,2'-dihydroxybenzophenone, 2, 4-dihydroxybenzophenone, 4,4'-dihydroxybenzophe- 
30 none, 2,2'-dihydroxy-4-methoxybenzophenone. 2., 4*-trihydroxybenzophenone, and benzoin 

As aldehyde compounds, either aliphatic or aromatic aldehyde compounds can be used. The aliphatic group in 
aliphatic aldehyde compounds may be either saturated or unsaturated and either linear or branched. Given as examples 
of preferable aldehyde compounds are formaldehyde, acetaldehyde. propionaldehyde, n-butylaldehyde, i-butylalde- 
hyde. n-valeraldehyde, i-valeraldehyde, pivalaldehyde, n-capronaldehyde, 2-ethylhexyladehyde. n-heptaWehyde, n- 
35 caprylaldehyde, pelargonaldehyde, n-caprinaldehyde, n-undecylaldehyde, laurylaldehyde, tridecylaldehyde. myristy- 
laldehyde, pentadecylaldehyde, palmitylaldehyde, margarylaldehyde, stearylaldehyde, glyoxal, succinaldehyde, ben- 
zaldehyde, o-tolualdehyde, m-tolualdehyde, p-tolualdehyde, a-naphthaldehyde. p-naphthaldehyde, and phenylacet- 
naphthaldehyde. 

Examples of ester compounds are esters formed by a monobasic acid, e.g. formic acid, acetic acid, propionic acid, 
40 butyric acid, capronic acid, pelargonic acid, lauric acid, palmitic acid, stearic acid, isostearic acid, eye lohexy I prop ionic 
acid, cyclohexylcapronic acid, benzoic acid, phenylbutyricacid, etc., a dibasic acid, e.g. oxalic acid, maleicacid, malonic 
acid, f umaric acid, succinic acid, glutaric acid, adipic acid, pimelic acid, suberic acid, sebacic acid, itaconic acid, phthalic 
acid, isophthalic acid, terephthalic acid, azelaic acid, etc., or a polybasic acid, e.g. 1,2,3-propanetricarboxylic acid. 
1,3,5-n-pentanetricarboxylic acid, etc., and an alcohol, e.g., methyl alcohol, ethyl alcohol, isopropyl alcohol, n-butyl 
45 alcohol, sec-butyl alcohol, tert-butyl alcohol, amyl alcohol, hexyl alcohol, octyl alcohol, phenol, cresol, 1.3-butanedrol. 
1 ,4-butanediol, piniacol, pentaerythritol, etc. 

Specific examples of lactone compounds are p-propiolactone. y-butyrolactone, e-caprolactone. Aa,p-crotonlac- 
tone, Ap.y-croton lactone, coumarin, phthalide, a-pyrone, sydonone, and fluoran. 

Given as specific examples of lactam compounds are p -propiolactam, 2-pyrrolidone, 2-piperidonB, e-caprolactam. 
so n-heptanelactam, B-octanelactam. 9-nonanelactam, 1 0-decanelactam, 2-quinolone. 1-isoquinolone, oxinedole, iso- 
indigo, isatin, hydantoin, and quinolidinone. 

Specific examples of preferably epoxy compounds include 1,3-butadiene monoxide, 1 ,3-butadiene dioxide, 
1,2-butyiene oxide, 2,3-butylene oxide, cyclohexene oxide, 1,2-epoxy cyclododecane, 1,2-epoxy decane, 1,2-epoxy 
eicosane, 1,2-epoxy heptane, 1,2-epoxy hexadecane, 1,2-epoxy octadecane, 1,2-epoxy octane, ethylene glycol dig- 
55 lycidyl ether, 1,2-epoxy heptane, 1 .2-epoxy tetradecane, hexamethylene oxide, isobutylene oxide, 1,7-octadiene die- 
poxide, 2-phenylpropylene oxide, propylene oxide, trans-stilbene oxide, styrene oxide epoxylated 1 .2-polybutadiene, 
epoxylated linseed oil. glycidyl methyl ether, glyciyi n-butyl ether, glycidyl allyl ether, glycidyl methacrylate, and glycidyl 
acrylate. 
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Included in the olefinically unsaturated polynners to be hydrogenated by the catalyst composition of the present 
invention are all polynners containing olefinically carbon-carbon unsaturated double bonds in the polynner main chain 
or side chains. Typical examples are conjugated diene polymers and random, block, or graft polymers of conjugated 
diene and olefin. 

5 Included in the above conjugated diene polymers are conjugated diene homopolymers and copolymers produced 

from conjugated dienes or from at least one conjugated diene and at least one olefin copolymerlsable with the conju- 
gated diene. 

Given as typical examples of conjugated dienes used for the production of these conjugated diene polymers are 
conjugated dienes having 4-12 carbon atoms. Specific examples are 1 ,3-butadiene, isoprene, 2,3-dimethyl-1,3-buta- 
10 diene, 1,3-pentadiene. 2-methyl-1,3-pentadiene, 1,3-pentadiene, 1 ,3-hexadiene, 4,5-diethyl-1,3-octadiene, 3-butyl- 
1,3-octadiene, chloroprene, and the like. 

From the aspect of manufacturing elastomers having superior characteristics and industrial advantages, 1 ,3-buta- 
diene and isoprene are particularly preferable. Elastomers, such as polybutadiene, polyisoprene, butadlene/isoprene 
copolymers are especially preferred polymer materials used in the present inventiorX;.,There are no specific limitations 
IS as to the micro-structuresjof the polymers. All these polymers are suitable matwiaislfrttn'e application of the hyditr- 
genation using the catalyst composition of the present invention. 

The above-mentioned copolymers produced from at least one conjugated diene and at least one olefin copolym- 
erlsable with the conjugated diene are also suitable polymer materials to which the hydrogenation using the catalyst 
/■ composition of the present invention is applied. 

20 The above-described conjugated diene monomers can be used for the manufacture of these types of copolymer. 

Any olefins copolymerlsable with these conjugated dienes are suitable for use in the manufacture of the copolymer, 
with vinyl-substituted aromatic hydrocarbons being particularly preferred. 

Copolymers of conjugated dienes and vinyl-substituted aromatic hydrocarbons are of particular importance for the 
production of industrially useful and valuable elastomers or thermoplastic elastomers. Given as specific examples of 
2S vinyl-substituted aromatic hydrocarbons used in the manufacture of this type of copolymer are styrene, a-methylsty- 
rene, p-methylstyrene, divinylbenzene, 1 ,1 -diphenylethylene, N,N-dimethyl-p-aminoethylstyrene, N, N -diethyl -p-ami - 
noethylsty rene, and vinylpyridine. Of these, styrene and a-methylstyrene are particularly preferable. Specific copoly- 
mers providing industrially valuable hydrogenated copolymers are butadiene/styrene copolymer, isoprene/styrene co- 
polymer, and butadiene/a-methylstyrene copolymer 
30 These copolymers include random copolymers in which monomers are randomly distributed throughout the poly- 

mers, progressively reducing block copolymers, complete block copolymers, and graft copolymers and preferably buta- 
diene-styrene block copolymer, isoprene-styrene block copolymers or butadiene/isoprene-styrene block copolymer of 
linear or radial, multiarmed shape. 

In order to manufacture industrially useful thermoplastic elastomers, a preferable amount of vinyl-substituted ar- 
35 omatic hydrocarbons is in the range of from 15 to 45% by weight. 

A content of vinyl bonds in the conjugated diene units of 10% or more of the total conjugated diene units is desirable 
for obtaining hydrogenated polymers with superior characteristics. 

Included also in polymers which can be used in the hydrogenating process using the catalyst composition of the 
present invention are those of linear type, as well as branched type or radial or star type, produced by coupling using 
40 a coupling agent, all having a molecular weight, generally, in the range of from 1 ,000 to 1 ,000,000. 

It will be appreciated that the hereinbefore specified polyketone compounds, polyaldehyde compounds, ester com- 
pounds, and polyepoxy compounds can be used as coupling agents. These coupling agents can be used as both 
coupling agents and component (d) of the catalyst composition of the present Invention. This ensures an economical 
advantage of the polymer hydrogenation using the catalyst composition of the present invention. 

Also Included In polymers to be hydrogenated according to the present invention are those having terminals mod- 
ified with polar groups after the living anionic polymerisation or by other means. Hydroxy group, carboxyl group, ester 
group, isocyanate group, urethane group, amide group, ureas group, and thiourethane group are used as the polar 
groups. 

Beside the above-mentioned polymers, any polymers manufactured by any polymerisation methods, e.g. anion 
so polymerisation, cation polymerisation, coordination polymerisation, radical polymerisation, solution polymerisation, or 
emulsion polymerisation can be used in the present invention. 

In addition, cyclic olefin polymers manufactured by ring-opening polymerisation using a methathes is catalyst, such 
as molybdenum, or tungsten are included in polymers having olefenically unsaturated bonds. 

Jn the hydrogenation reaction using the catalyst composition of the present invention, the olefinically unsaturated 
ss polymers may be hydrogenated in a condition where they are dissolved in a hydrocarbon solvent, or the olefinically 
unsaturated polymers may be produced by polymerisation in a hydrocarbon solvent and may be successively hydro- 
genated. 

Hydrocarbon solvents used in the hydrogenation reaction may be aliphatic hydrocarbons, e.g. pentane. hexane, 
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heptane, octane, etc.; alicyclic hydrocarbons, e.g. cyclopentane. methyl cyclopentane. cyclohexane. etc. or aromatic 
solvent such as toluene. These hydrocarbon solvents may contain 20% by weight or a smaller amount of ethers such 
as diethyl ether, tetrahydrofuran, dibutyl ether, diethoxypropane. and dioxane. 

There are no restrictions as to the concentration of polymers in carrying out the hydrogenation reaction of the 
present invention. Usually, the polymer concentration is in the range of from 1 to 30% by weight, and preferably in the 
range of from 3 to 20% by weight. The hydrogenation reaction is effected, after the addition of the hydrogenation 
catalyst composition under an inert gas atmosphere, e.g. in nitrogen or argon, or under a hydrogen atmosphere, by 
supplying hydrogen, with or without stirring while maintaining the temperature of the polymer solution at a specified 
temperature. 

A temperature suitable for the hydrogenation reaction is in the range of from 0 to 1 SO'^C. A temperature lower than 
O'C is uneconomical, since at a temperature lower than O^C not only the catalyst activity is lowered, but also the rate 
of hydrogenation is retarded. If the temperature is higher than ISC'* C. on the other hand, not only the polymers tend 
to decompose or to gel. but also aromatic rings are hydrogenated at the same time, leading to a poor hydrogenation 
selectivity. A more preferable temperature range is from 20 to 140*0. and particularly in the range of from 50 to 130'C. 
In the hydrogenation reaction using the catalyst composition of the present invention, the reaction may be carried out 
at a comparatively higher temperature, resulting in a higher rate of reaction and a higher yield. 

The hydrogenation reaction is carried out for a time period of from 1 minute to 3 hours. The larger the amount of 
the catalyst composition used and the higher the pressure, the reaction time may be shorter. 

The invention will now be illustrated by means of the following examples. 

EXAMPLES 



2S 



30 



3S 



40 



46 
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Example 1 

Preparation of hydrogen terminated SBS block copolvmer 

A 30L batch of polystyrene-polybutadiene-polystyrene (SBS) block copolymer of 70,000 molecular weight was 
prepared by sequential anionic polymerisation using sec-butyllithium as the initiator in a stainless steel reactor. The 
polymerisation was conducted in cyclohexane. to which had been added 1 40 ppm of diethoxypropane at 1 8 wt% solids. 
The 1 ,2-content of the SBS polymer is 40.4 wt%. 

At the end of the polymerisation reaction, the reactor was sparged with hydrogen for 2 hours to terminate the living 
SBS-Li polymer and produce SBS and LiH. The LiH content of the batch was determined to be 2.2 mmol/litre. 

Example 2 

Hydrogenation of SBS block copolymer with bis (indenyl) titanium dichloride 

A stainless steel reactor was charged with 1 90 grams of SBS cement, prepared as in Example 1 . The temperature 
of the reactor was fixed at 70"C and the reactor was pressurised to 10 bar of hydrogen to saturate the cement. Mean- 
while a suspension of 0.04 mmol of bis(indenyl) titanium dichloride and bis(n-butylcyclopentadienyl) titanium dichloride 
respectively and 0.04 mmol of boriumtrifluoride, tri(pentafluorophenyl) borium and tri(phenyl) borium respectively in 
10 ml of cyclohexane was prepared 

The catalyst suspension was added to the reactor and the hydrogen pressure was raised to 50 bar. Immediately 
a strong exothermic reaction occurred (T=80'C). The hydrogenation was allowed to run for 3 hours, during which 
period samples were drawn from the reactor and analysed by 1H NMR to determine the conversion of the olefinic 
double bonds. 

The conversions were determined after 15 minutes, one hour and three hours and are listed in Tables 1 and 2. 

Table 1 



Conversion - time relation for bis(n-butylcyclopentadienyl) titanium dichloride and borium compounds Molar ratio 
Li:Ti = 15:1; molar ratio Ti:B= l:l 


Time (min) 


BF3 


B(C6F5)3 


B(C6H5)3 


no addition 


15 


95 


94 


91 


93 


60 


100 


100 


99 


98 


1B0 


100 


100 


100 


99 
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Table 2 



Conversion - time relatic 
ratio Ti:B= 1:1 


>n for bis(lndenyl) titanium dichloride and borium compounds Molar ratio Li:Ti = 1 5:1 ; molar 


Time (min) 


BF3 


B(C6F5)3 


B(C6H5)3 


no addition 


15 


82 


78 


76 


72 


60 


91 


86 


82 


75 


180 


95 


91 


88 


77 



Claims 

IS 1. Catalyst composition suitable for hydrogenation of polymers containing elhylenical unsaturation, which comprise 
at least: 

(a) a titanium compound of the formula, 

r 

20 

2s ^2 



wherein and Ag are the same or different and each represents a substituted or unsubstituted cy- 
clopentadienyl or indenyl group, 
50 wherein and Xg are the same or different and each represents hydrogen, halogen, a lower alkyi or 

lower alkoxy. optionally substituted phenyl or phenoxy, or aralkyi having from 7 to 10 carbon atoms or pheny- 
lalkoxy having from 7 to 1 0 carbon atoms, carboxyl. carbonyl. a '-GH2P(Phenyl)2, -CHg Si(lower alkyl)3 or -P 
(phenyl)2 group; 

(b) an alkali metal hydride, added as such or prepared in situ in the polymer solution from the alkali metal 
55 temninated living polymer and/or from additionally added alkali metal alkyI and hydrogen, the molar ratio of 

the alkali metal: titanium being at least 2:1; and 

(c) a borium compound 

B(Ri)'R2)(R3) 

40 Wherein the symbols R^, R2 and R3 may be the same or different and each may represent hydrogen, halogen, 

lower alkyI or lower alkoxy, or phenyl optionally substituted by up to five substituenis selected from halogen and 
lower alkyI, or benzyl having an optionally substituted phenyl ring as specified hereinbefore or wherein two of the 
symbols R may form together a monocyclic or bicyclic system which on its own may carry one or more subslituents. 

45 2. Catalyst composition, according to claim 1 characterised in that Xi and X2 are selected from chlorine, methyl, 
methoxy. ethyl, ethoxy, isopropoxy, isopropyl, tert butyl, tert butoxy, phenyl, phenoxy and benzyl. 

3. Catalyst composition according to claims 1 or 2 characterised in that X, and X2 are both chlorine. 

so 4. Catalyst composition according to any one of claims 1 to 3. characterised in that the borium:titanium molar ratio 
is in the range of from 1/10 to 10. 

5. Catalyst composition according to claim 4, characterised in that the borium :titanium molar ratio is in the range of 
from 1/2 to 2. 

55 

6. Catalyst composition according to claim 5, characterised in that the borium:titanium molar ratio is in the range of 
from 0.9 to 1.1. 
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7. Catalyst composition according to claim 1 , characterised in that the alkalimetalhydride is lithium hydride. 

8. Catalyst composition according to claim 7. characterised in that the molar ratio of lithium hydride to titanium is at 
least 6. 

5 

9. Catalyst composition according to claim 8, characterised in that the molar ratio of lithium hydride to lithium is in 
the range of from 6 to 25. 

10. Catalyst composition according to claims 1-9 characterised in that it comprises in addition to components (a), (b) 
TO and (c) one or more promoters (d), selected from polar ketone compounds, hydroxy group containing ketone com- 
pounds, aldehyde compounds, ester compounds, lactone compounds, lactam compounds and epoxy compounds. 

11. Catalyst composition according to claim 10, characterised in that it comprises a promoter selected from ketone 
compounds, hydroxy group containing ketone compounds, aldehyde compounds, ester compounds and epoxy 

^5 compounds. 

12. Catalyst composition according to claims 10 and 11, characterised in that the molar ratio of component (a) to 
component (d) is in the range of from 10 to 1/2. 



20 



30 



35 



40 



45 



so 
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13. Catalyst composition according to claim 11 , characterised in that the molar ratio of component (a) to component 
(d) is in the range of from 2 to 1 . 



14. Process for the hydrogenation of polymers containing ethylenical unsaturation. comprising bringing a polymer 
solution in intensive contact with hydrogen in the presence of at least the catalyst composition according to any 
2S one of claims 1 to 1 3. 
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